The 'red herring' hypothesis contends that the high health care expenditure in old age is caused by proximity to death rather than calendar age. Dissenters point to longitudinal data and claim that health care expenditure age profiles tend to steepen over time. The present paper tests the steepening claim for Swiss health insurance, covering the time period 1997 to 2006 and 25 cantons. It analyzes the cantonal health care expenditure profile of men and women, taking into account differences in the mortality rates. The study covers seven components of health care, including long-term care. By and large, no evidence is found for relevant steepening effects of age profiles for either total, or the components, of health care expenditure.
Introduction
A growing body of evidence suggests that the higher health care expenditures (HCE) incurred by older people may be caused by proximity to death rather than calendar age. Consequently, projections not accounting for proximity to death are likely to overstate the effect of population ageing on future HCE. Evidence for the 'age neutrality' or 'red herring' hypothesis often rests on the analysis of cross-sectional data. Sceptics thus point to longitudinal data in the hope of re-establishing the old 'age matters' hypothesis.
In a recent paper, Buchner and Wasem (2006) found for the largest German private health insurer that high cost older age groups had larger increases in HCE than the young and middle aged groups in the period from 1979 to 1996. OECD HCE data on the time trends in per capita expenditure for the 65-and-older age group versus the under-65 age group show a similar pattern (see Seshamani and Gray, 2002) . Buchner and Wasem introduced the term "steepening" of the health expenditure profile to characterize the effects of age and time on HCE. If steepening can be assumed to prevail, they claim that "the future increase of health care costs will even be larger than in predictions that keep expenditure profiles constant" (Buchner and Wasmer, 2006, p. 582) . This quote echoes the catastrophic scenarios on future HCE that were in vogue in the nineties. For example, Schneider and Guralnik (1990) expect HCE for older people to double by 2020, largely due to the ageing of the baby boom generation.
Several factors can influence the age profile of per capita HCE. The profile will steepen if the expansion of the technological frontier in medicine is biased towards the treatment of old age diseases. On the other hand, there are several factors which will work in the opposite direction. Firstly, if compression of morbidity takes place and the average health status in old age improves with the passage of time, average HCE in old age decreases (Fries, 2005) . Secondly, greater longevity, which pushes death later in life, will also lower per capita HCE, due to the level and the age profile of the end-of-life expenditure. The high cost of dying reduces average HCE when the mortality rate decreases. The reduction of mortality pertinent to all ages, but accentuated in old age, will therefore reduce the age gradient of HCE in old age. Research also shows that those who die at older ages have lower health care costs than those who die at younger ages. Per capita HCE in old age thus will decrease with the deferral of death to ever higher ages. This paper tests the steepening claim using longitudinal HCE data of social health insurance for the years 1997 to 2006 in the 26 Swiss cantons. The data distinguishes between women and men as well as between 20 five-year age groups. Aggregate HCE can be decomposed into seven components, including ambulatory care, prescription drugs, hospital inpatient and outpatient care, home care, nursing home care, and other services. Furthermore, the data include age-, sex-and regional-specific mortality rates. Therefore, we can analyze the interdependence between mortality and age in their impact on HCE.
This paper is organized as follows. Section 2 presents the data and a first glimpse of steepening. Section 3 characterizes steepening of the HCE age profile for an exponentially growing HCE time path. Section 4 describes the econometric approach and presents the results regarding steepening of aggregated HCE data. Section 5 deals with the components of HCE. Section 6 concludes.
A first look at the data
This study is based on age profiles of HCE and mortality rates in the 26 Swiss cantons for the ten years from 1997 to 2006. HCE data stem from the association of the Swiss sickness funds, and mortality rates data come from the federal office of statistics. The social health insurance expenditure data distinguishes 20 five-year age groups of health care spending for men and women, starting at ages 0-5, 6-10 and ending at ages 96 and older. Using the producer price index (GDP deflator), we express all HCE in 2006 SFr. Cantonal mortality rates for men and women are also available in 20 five-year age groups for the years 1997 to 2006.
In 2006, the per capita HCE in social health insurance was 2,759 SFr., which amounts to roughly 40 percent of total per capita HCE of the Swiss population. In 1997, HCE in social health insurance was 1,928 SFr. The average annual real growth rate amounted to 4.3 percent over the ten-year period. The average HCE of a woman was higher than that of a man by a factor of 1.35 (in 2006 3,163 SFr. as against 2,338 SFr.). The age profiles for women and men are relatively flat at young ages, with a small gradient beyond age 20. 60-year-olds incur on average 3,398 SFr. for health care. This amount doubles by the age of 80 and reaches 16,919
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2006 The second ratio compares ages 51 and older with ages 50 and younger. Not surprisingly, this ratio is lower than the 66+/0-65-ratio. Interestingly, however, the change in the 51+/0-50-ratio from 1997 to 2006 is much higher (6.01 percent as opposed to 3.93 percent). The change ranges from -9.56 percent to 18.98 percent, and it is negative in six cantons only. The difference between the two indicators points to a marked increase in per capita HCE for the ages 51-65. In the econometrics, by using the ages 0-50 as the benchmark, we will apply the sharper test for the occurrence of steepening. Table 3 shows the 66+/0-65-ratio and the 51+/0-50-ratio of per capita HCE between the old and the young for the components of health care at the federal level. For the use of prescription drugs, we observe no relative change between 1997 and 2006 for both ratios. The changes are negative for hospital inpatient care as well as for other services. Thus, there is no indication of steepening in these three components of health care. However, in ambulatory care, hospital outpatient care and the two components of long-term care, the increase in the ratios is substantial, in particular for nursing home care.
We observe large differences between the two ratios for long-term care. When we compare the group of age 66 and older with the 0-65 age group, the ratio for home care decreased by 7.18 percent whereas for nursing home care it increased by 37.39 percent between 1997 and 2006. By comparison, when we cut at age 51, the ratios increased by 10.29 percent and as much as 104.89 percent, respectively. These differences point to significant changes in longterm care for ages 51-65 relative to the other age groups. In the ten-years-time period analyzed here, the reduction of mortality led to an average increase of the population's longevity in the Swiss cantons of 2.2 years (from 79.30 years in 1997 to 81.50 years in 2006). As HCE in the last year of life is about 5 to 10 times higher than average HCE of survivors (Zweifel et al. 1999) , the general accentuated reduction of the mortality rate in old age, will most likely affect the HCE age profile of the elderly. Thus, it is important to consider the influence of mortality when testing for a possible steepening of the age profile. 
Identifying steepening of the HCE age profile
Taking the logarithm on both sides of the equation yields: 
In this equation, , a r γ measure the age-specific differences to the average HCE growth rate r β in the region r. , a r γ will be decisive for determining possible steepening. If , a r γ rise with an increase in age, steepening may be present. Note, however, that the mortality rate is also changing in time and age. This in turn will also have an effect on the evaluation of a possible steepening of the HCE age profile.
Steepening in the strict sense of the word means that the HCE age profile increases over time. 
Given the high end-of-life expenditure, HCE is assumed to rise with an increase in the mortality rate, i. 
As far as steepening is concerned, this boils down to a model with two age groups only, the young and the old. Consequently, 0 σ > is a very crude indicator of steepening.
The second approach assumes a linear trend over time for HCE at each age:
with steepening if 0 and 0
Two problems arise with this specification. Firstly, empirical evidences suggests that growth of per capita HCE is exponential not linear in time. Secondly, (5) does not allow for agespecific constants, again contradicting empirical fact.
The third alternative assumes that the health care profile is exponential in both time and age according to: 
Again, this specification appears to be too restrictive. Buchner and Wasem (2006) were bound to inflexible functional forms as they had access to one HCE time series of 18 years only.
By comparison, the large dataset of the present study with 25 regions allows us to model the HCE age profile quite flexibly and to take into account time and mortality rates. We will also run regressions where we do not include the mortality rate as an explanatory variable.
Although this yields biased coefficient estimates (the error term is correlated with the explanatory variables age and time, as they also determine mortality), we can gain some additional information on steepening, by comparing the corresponding coefficients for regressions with and without the mortality rates, as well as on the influence of mortality on the HCE age profile.
We will analyze the change of the age gradient for the age groups older than 50. A less strict test for steepening is the relative growth of HCE for ages 51 and older compared to ages 0-50.
We will report on further approaches to testing for steepening of the HCE age profile.
Analysis of total health care expenditure
The econometric model is specified as follows: 
where the dependent variable , , a t r h is the average HCE at age a and time t in the canton r differentiated with respect to men and women (we suppressed the subscript for the sex). Finally, the effect of the mortality rate on HCE is captured by a polynomial function of power four and , , a r t ε is the error term in the estimation.
The estimation results for equation (7), controlled for possible heteroskedasticity of the error term, are presented in higher average HCE compared to the age group 46-50.
The coefficients for the effect of mortality are significant. The effect of mortality on HCE is positive, as expected. Over all age classes, the mortality rate is 0.8 percent and increases HCE by 8.2 percent; beyond the age of 50 the average mortality rate is 2.6 percent, contributing 27.2 percent to overall HCE. These results indicate a strong positive impact of mortality on the age profile of HCE, adding to the findings of the red herring literature (see Zweifel et al., 1999) .
The estimated annual growth rate of real HCE between 1997 and 2006 was 3.23 percent for the people of age 50 or younger. The coefficients a γ are significantly positive for most age groups, indicating that the HCE growth rates in the age groups older than 50 years are larger than those for people of age 50 or younger. The differences in the growth rate are in the range 0.9 and 1.6 percentage points. For the age groups 51-55, 91-95 and 96+-year-olds, the coefficient is significantly negative, indicating that we can rule out that steepening occurs in these age classes. is positive four times and negative five times; except for the oldest group, the difference is significant for all age groups according to an F-test. Hence, we cannot confirm steepening as a general pattern in the older age groups.
In the last section, we argued that the change in the age gradient is intertwined with the change in the mortality rate. In order to test for the influence of the mortality rate, we reestimated equation (7) but omitted the mortality rate. The results are presented in Table 5 . Number of observations 10,000 R^2 0.9722 *** significant at the 99% confidence level ** significant at the 95% confidence level * significant at the 90% confidence level As we expected from equation (3), the coefficients for a d t ⋅ decrease when mortality is not included as an explanatory variable. For four age groups, the coefficient remains significantly positive, indicating steepening; but the effects are rather small. Not including mortality in the regression significantly increases the coefficient for the age dummies in old age. This again shows that mortality is an important factor for determining the age profile of HCE.
We also analyzed a linear trend over time and confirmed the results of the logarithmic specification. Furthermore, when we capture age as a categorical variable and specify a polynomial function which we combine with time to test for steepening -similarly to the third approach by Buchner and Wasem -the test outcome is negative. Equation (7) does not weight the cantonal per capita HCE at age a with the respective population size, which may give small cantons too much weight. However, using total HCE and adding the population size as an independent variable does not changes the results.
We observe not only differences in the level of cantonal per capita HCE, but also in the extent they change over time. Similarly we may also have differences in the change of the age profile across cantons. Thus, we extended our estimation to include the following variables referring to the passage of time. β ρ γ and their standard errors, we calculated the difference for the older age groups in the HCE growth rate and its significance. Table 6 presents the results.
The first column indicates large differences in the HCE growth rate for the population below 50 across the cantons. The largest growth rate (5.37 percent) is observed for the small canton of Glarus in the centre, while the even smaller canton of Jura in the northwest has the lowest annual growth rate (0.69 percent). The correlation between the level and the baseline growth rate of HCE is negative ( 0.235 r = − ), but is not significant.
In cantons where per capita HCE growth rate for the young population is low, the coefficients for steepening tend to be positive (for example, the cantons Jura and Fribourg). Similarly, in the cantons with low level of HCE (see Table 2 ), the steepening coefficients are positive as well. By comparison, high cost cantons such as Basel-Stadt and Genève tend to have a lower growth rate in the old age groups compared to the baseline growth. In Zurich, the biggest canton, people of age 50 or younger experienced an average HCE growth rate. Only one older age group (76-80) incurred significantly higher HCE growth.
Steepening in the strict sense, i.e. a general increase in the age gradient for people of age 51 or older, is not present in the data, as the difference in the coefficients Table 7 presents the regression results of equation (7) with and without mortality rates for the components of HCE. With regard to the impact of mortality on HCE, a significant difference between components of acute care and long-term care arises. Whereas mortality has a major effect on the age profile of acute care, its impact on long-term care is only minor. It is then not surprising that age has a marked effect on HCE (see the sizeable coefficient of the age dummies for home and nursing home care in Table 7 ). This is similar to the findings of Werblow et al. (2007) , who report significant age effects for long-term care when controlling for proximity to death.
Steepening in components of health care expenditure?
Home care expenditures for people of age 50 or younger increased by 10.92 percent per year over the ten years in question. The growth rate is lower for the older age groups. Steepening is not present at all in the demand for home care, despite the observation in Table 3 (1.86 percent), followed by sundry services (2.49 percent), drugs (3.08 percent) and hospital outpatient care (5.87 percent). The difference in growth for older age groups is more or less constant across components. A robust pattern of increasing age coefficients cannot be found.
Steepening can be ruled out for hospital inpatient care, where all a γ are significantly negative. The baseline growth rate is 3.92 percent, comparable to the overall baseline growth of 3.23 percent. we find an average real growth rate of 3.23 percent in per capita HCE of the population under 50. Older age groups experience a slightly higher growth rate, the difference ranging between 0.9 and 1.6 percentage points. For the very old, of age 91 or older, the growth rate is significantly lower than 3.23 percent. Although we find higher growth rates for older age groups on average, a steepening of the age profile in the strict sense of an increasing age gradient cannot be observed.
The higher mortality rate explains a significant share of the high HCE of older age groups.
When we include age-specific mortality rates into the regression, the coefficients for steepening increase, as expected.
At the cantonal level, large differences in the growth rate of per capita HCE for the young population arise, ranging from 0.69 percent to 5.37 percent. In cantons with low baseline growth or a low level of HCE, the growth rates for older age groups tend to be higher, while high cost cantons experience a lower growth rate of per capita HCE for older age groups compared to the population under 50. Again, a general increase in the age gradient cannot be found in the age groups older than 51.
A decomposition of HCE reveals the following effects: In hospital inpatient care and home care, growth rates for older age groups are significantly lower than for the people of age 50 or younger. For nursing home care, ambulatory care, hospital outpatient care and prescription drugs, growth is higher in old age. However, a robust pattern of increasing age coefficients in old age over time cannot be detected.
In summary, our results for the Swiss cantons provide no evidence for relevant steepening effects of age profiles for either total, or the components, of HCE over time. The call for considering steepening effects in projections of future HCE, put forward by Buchner and Wasem (2006) , thus is unwarranted.
